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Abstract: Background: Healthcare monitoring of child growth reduces with age, which may increase
parental influences on children’s weight development. This study aimed to examine the association
between maternal underestimation of child’s weight at age 5/6 and weight development between 5
and 12 years. Methods: We performed univariate and multivariate linear regression analyses with
data on maternal perception of child’s weight and weight development (∆SDS body-mass index;
BMI) derived from the Amsterdam Born Children and their Development (ABCD) birth-cohort study.
Underestimation was defined by comparing maternal perception of child’s weight with the actual
weight status of her child. Associations were studied in two groups: children with overweight
(n = 207) and children with normal weight (n = 1982) at baseline (children with underweight were
excluded). Results: Underestimation was 5.5% in children with normal weight and 79.7% in children
with overweight. Univariate analyses in children with normal weight and overweight showed higher
weight development for children with underestimated vs. accurately estimated weights (respectively:
β = 0.19, p < 0.01; β = 0.22, p < 0.05). After adjusting for child sex and baseline SDS BMI, the effect
size became smaller for children with a normal weight (β = 0.15, p < 0.05) and overweight (β = 0.18,
p > 0.05). Paternal and maternal BMI, ethnicity, and educational level explained the association further
(remaining β = −0.11, p > 0.05 in children with normal weight; β = 0.06, p > 0.05 in children with
overweight). Conclusions: The relationship between maternal underestimation of child’s weight and
higher weight development indicates a need for promoting a realistic perception of child’s weight,
this is also the case if the child has a normal weight.
Keywords: overweight; maternal perception; pre-school age; BMI development; ethnicity; paternal
BMI; maternal BMI

1. Introduction
The prevalence of childhood overweight and obesity has been increasing worldwide, including
in the Netherlands [1]. In the Netherlands, one in five children are overweight, and this increases
with age [1,2]. Subsequently, childhood overweight commonly tracks into adulthood [3,4]. Given the
increasing prevalence of overweight and the associated comorbidities and complications, both long
and short-term, the need for prevention and treatment becomes urgent [5]. In the Netherlands,
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a youth healthcare system monitors child development to prevent unhealthy weight gain by providing
health check-ups [6]. After the age of 2, however, check-ups become less frequent, shifting a greater
responsibility of child’s weight to parents [6]. Parental perception of child’s body weight may therefore
be an important influence on children’s healthy weight development. Current literature shows
that mothers commonly misperceive their child’s weight [7–16]. However, it remains unclear what
the long-term effect is of maternal underestimation of their child’s weight on the child’s weight
development. To the best of our knowledge, only three studies to date have looked at this association
longitudinally and found contradictory results. In a German study, maternal underestimation was
associated with increased body mass index (BMI), while in two other studies that were conducted in
the Netherlands and Peru, maternal underestimation was associated with greater BMI loss [8,11,15].
Demographic variables may explain differences in the association of underestimation of child’s
weight and child’s weight development. Ethnicity is an example that has been found to have
an influence. A study from the Netherlands found that maternal underestimation of child’s
weight was more common among Turkish and Moroccan parents compared to ethnically Dutch
parents [13]. Maternal education level has also been found to largely explain maternal underestimation
of child’s weight [7,8,11–13,15,16]. Overall, studies suggest that certain characteristics such as
parental age, educational level, parental weight status, ethnicity and child sex are associated with
maternal misperception of child’s weight [7,8,11,13,15,16] as well as the risk of a child becoming
overweight [7,13,16]. Understanding the explanatory role of these demographic characteristics in the
association of underestimation and child development could help identify certain risk groups.
To better understand the contradictory results on the relationship between maternal
underestimation of child’s weight and child’s weight development, this paper examines the association
between maternal perception of child’s weight at age five in normal weight and overweight children
from Amsterdam, the Netherlands, and child’s weight development between 5/6 and 11/12 years of
age. Additionally, this paper explores which demographic factors may explain differences in this
association. This is the first paper to study the association between maternal underestimation and
child’s weight development in a multi-ethnic Dutch cohort, with a long follow-up time and large
sample size. We hypothesize that children whose weight is underestimated by their mothers at the age
of 5/6 will have a higher weight development (change in standardized body mass index (SDS BMI) in six
years, compared to children whose weight is accurately estimated. We expect to see this positive weight
development for children with normal weight at baseline as well as those with overweight. Maternal
underestimation of those with normal weight would imply that mothers believe their children are
underweight, which may encourage unhealthy weight gain, while maternal underestimation of those
with overweight implies that mothers believe their children’s weights are just right, which may not
encourage weight loss. Finally, we hypothesize that the higher weight development in underestimated
children can be explained by higher maternal and paternal BMI, lower maternal educational level,
and non-Dutch ethnicity.
2. Materials and Methods
2.1. Study Design and Data Source
We used data from the Amsterdam Born Children and their Development (ABCD) study. The ABCD
study is a long-term, large-scale, birth cohort study, which aims to examine and determine factors in
early life that may explain the health of children at a later stage. Extensive information on the ABCD
study is available elsewhere [17]. The study is conducted according to the Declaration of Helsinki
and approval was obtained from the Academic Medical Center Medical Ethics Committee (MEC
02/039#02.17.392), the VU University Medical Center Medical Ethical Committee, and the Registration
Committee of Amsterdam [17]. All participating mothers provided written informed consent for
themselves and their children. Twelve-year-old children also gave informed consent for themselves.
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The ABCD study started in 2003 when expecting mothers living in Amsterdam were invited to
participate. In this study on the association of maternal perception with child’s weight development,
data collected from the ABCD cohort in 2008–2010 and 2015–2016 were used, when the children were
5–6 years and 11–12 years of age.
2.2. Participants
In 2008, 6161 mothers gave permission for follow-up and received a questionnaire, of which 4488
were returned (73%). Reasons for participants lost to follow-up included withdrawal from the study,
infant or maternal death, unknown addresses, or emigration.
We excluded participants with missing data on child age, sex, BMI, and maternal perception
(n = 2005), as these were crucial variables for our analysis. Underweight children (n = 294) were also
excluded because the study was interested in weight development of children who were initially
normal weight or overweight. After exclusion, the study included 2189 participants with BMI data at
age 5–6 as well as at age 11–12.
2.3. Dependent Variable: ∆ SDS BMI between 5/6 and 11/12 Years
The dependent variable was the change in age- and sex- standardized BMI (∆ SDS BMI) between
5/6 and 11/12 years of age, referred to as child’s weight development. Data on weight and height
were derived from the ABCD health checks at age 5/6 and 11/12, and the Amsterdam Youth Health
care registration to calculate the children’s BMI. Trained personnel measured child’s height and
weight according to standard procedures [13]. Subsequently, SDS BMI was calculated at both ages
by GrowthAnalyser using the WHO growth reference [18]. Weight development was determined by
subtracting SDS BMI at age 5/6 from SDS BMI at age 11/12.
2.4. Independent Variable: Maternal Perception of Child’s Weight
The independent variable was the mother’s ability to perceive her child’s weight accurately
(i.e., maternal perception). To define this variable, we compared the maternal perception data at age 5/6
with the actual weight status of the children at age 5/6. The children’s weight statuses were determined
by the International Obesity Task Force (IOTF) guidelines, using age-and sex-specific BMI cut off
points for three categories: underweight, normal weight, and overweight (including obesity) [19].
Maternal perception was measured through questionnaires in which mothers were asked what they
thought of their child’s weight status based on a 5-point scale (1 = way too heavy; 2 = too heavy;
3 = just right; 4 = too light; 5 = way too light). If mothers perceived their child to be a lower weight
category than they actually were (e.g., a child with overweight being perceived as normal weight) we
called this underestimation. On the other hand, if mothers perceived their child’s weight accurately,
in the correct weight group, we called this accurate estimation [13].
2.5. Other Variables
The additional variables that were studied included: child age at baseline and follow-up
measurement, child sex, ethnicity, maternal age during pregnancy (self-reported), maternal BMI
(self-reported height and weight), paternal BMI (reported by mother), and maternal education level
at child’s age 5/6. Ethnicity was determined by the mother’s country of birth and was classified as
“Dutch”, “Surinamese”, “Turkish”, “Moroccan” or “Other”. Maternal education level was classified as:
“low”, if she had completed no education or primary school, lower vocational secondary education,
technical secondary education, or less than 6 years after primary school; “middle”, if she had completed
higher vocational secondary education, intermediate vocational education, or 6–10 years of education
after primary school; or “high”, after obtaining higher vocational education, university education,
or more than 10 years of education after primary school [20].
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2.6. Statistical Analyses
Statistical analyses were conducted using the IBM SPSS package version 23.0 (SPSS Inc., Armonk,
NY, USA). We considered p-values <0.05 as statistically significant. Demographic variables were
described (mean, SD, and proportions) according to the weight status of the child at age 5/6 and
maternal child’s weight perception. Differences in demographic variables were tested using χ2 -square
tests for categorical variables, and T-tests for continuous variables. Linear Regression Models were used
to explore the association between maternal child’s weight perception and child’s weight development.
Analyses were done separately for children with a normal weight and children with overweight
at age 5/6. First, a univariate analysis was performed to study the association between maternal
child’s weight perception and child’s weight development. Then, two multivariate models were built:
the first adjusted for child sex and baseline SDS-BMI, to adjust for variation in SDS BMI within the
spectrum of normal weight and overweight, respectively (Model 1), and the second adjusted further
for maternal and paternal BMI, maternal age, ethnicity, and educational level (Model 2) to investigate
the explanatory role of these characteristics on the association between maternal perception and child’s
weight development. Growth differs between boys and girls [21] and some studies show sex differences
to be in agreement between measured and perceived child’s weight by mothers [22]. Therefore,
effect modification by child’s sex in the association between maternal child’s weight perception and
weight development was tested by creating an interaction term between maternal child’s weight
perception and child’s sex and adding it to the multivariable regression analysis (Model 2). If the
added interaction coefficient had a p-value of <0.10, effect modification was assumed.
3. Results
3.1. Study Population
The prevalence of overweight was 7.9% at baseline and 10.8% at follow-up. The prevalence of
obesity was 1.6% and 1.8%, respectively. Henceforth, overweight and obesity are grouped together
and referred to as “children with overweight”. In the group of children with normal weight, 5.5% of
the mothers underestimated their child’s weight, while 79.7% of the mothers of overweight children
underestimated their child’s weight.
Table 1 shows the characteristics of the 2189 participants of this study according to child’s
weight status and maternal child’s weight perception at baseline. Children with a normal weight
(n = 1982) tended to have parents with a lower BMI (p < 0.001), mothers who were older (p < 0.001,
were more educated (p < 0.001), and were ethnically Dutch (p < 0.001) compared to children with
overweight (n = 207). The children with normal weight were also younger on average during the
baseline measurement (p < 0.001), older during the follow-up measurement (p < 0.001), and comprised
of more boys than girls (p < 0.01) compared to the children with overweight.
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Table 1. Characteristics of parents and children (mean ± SD/%) from the Amsterdam Born Children and their Development (ABCD) Study (the Netherlands) (n = 2189)
by weight status and maternal perception of child’s weight at age 5/6.
Normal Weight Accurate
Estimation (n = 1872)

Normal Weight
Underestimation (n = 110)

Overweight Accurate
Estimation (n = 42)

Overweight
Underestimation (n = 165)

Total (n = 2189)

Maternal age (years) c,f
Maternal BMI c,f
Paternal BMI a,e

32.3 (±4.4)
23.5 (±4.2)
24.9 (±3.0)

30.5 (±5.4)
24.4 (±4.5)
25.8 (±4.9)

31.7 (±4.8)
26.4 (±5.2)
26.3 (±3.3)

29.5 (±5.7)
26.9 (±5.2)
26.5 (±3.5)

32.0 (±4.7)
23.9 (±4.4)
25.0 (±3.2)

Maternal education level c f
% Low
% Middle
% High

11.0
19.5
69.5

32.7
19.6
47.7

32.5
25.0
42.5

40.5
23.4
36.1

14.6
19.9
65.5

Child age (years)
5-year-olds
11-year-olds

5.7 (±4.2)
11.1 (±0.7)

5.8 (±0.6)
10.9 (±0.7)

5.8 (±0.5)
10.9 (±0.6)

5.9 (±0.5)
10.9 (±0.7)

5.7 (±0.5)
10.6 (±0.4)

Child sex b
% Girl
% Boy

49.8
50.2

41.8
58.2

28.6
71.4

56.4
43.6

50.3
49.7

Ethnicity c,f
% NL
% SUR
% TUR
% MOR
% OTH

69.3
3.9
2.7
5.2
18.9

45.5
8.2
9.1
11.8
25.5

50.0
9.5
4.8
14.3
21.4

37.0
10.3
11.5
18.2
23.0

65.3
4.7
3.7
6.7
19.6

Child BMI (kg/m2)
5-year-olds c,f
11-year-olds c,f

15.5 (±0.9)
17.5 (±2.1)

14.8 (±0.7)
16.8 (±2.0)

19.5 (±1.7)
22.8 (±3.8)

18.7 (±1.4)
22.1 (±3.0)

15.7 (±1.4)
17.9 (±2.6)

SDS BMI
5-year-olds a,f
11-year-olds c,f

0.1 (±0.6)
0.0 (±0.9)

−0.4 (±0.5)
−0.3 (±0.9)

2.2 (±0.6)
1.7 (±0.8)

1.9 (±0.5)
1.5 (±0.8)

0.2 (±0.8)
0.1 (±1.0)

Abbreviations: NL, Dutch; SUR, Surinamese; TUR, Turkish; MOR, Moroccan; OTH, Other; BMI, body mass index; SDS, standard deviation scores. a, b, c indicate significant differences
between the normal and overweight group at the level of p < 0.05, p < 0.01, and p < 0.001, respectively. d, e, f indicate significant differences between accurately estimated and underestimated
groups at the level of p < 0.05, p < 0.01, and p < 0.001, respectively.
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Compared to children whose weight was underestimated by their mother (n = 275), children whose
weight was accurately estimated (n = 1914) had older mothers (p < 0.001), with a lower BMI (p < 0.001),
who were higher educated (p < 0.001), and more often ethnically Dutch (p < 0.001). The children
whose weight was accurately estimated were also younger on average at baseline (p < 0.001), older at
follow-up (p < 0.001), and had a lower baseline SDS BMI compared to the children whose weight was
underestimated (p < 0.001).
3.2. Maternal Perception and Weight Development
3.2.1. Children with a Normal Weight
Univariate analyses showed that weight development (i.e., ∆ SDS BMI) between ages 5/6 and
11/12 was significantly higher (β = 0.19;95%CI: 0.05, 0.33) in children with normal weight whose
mothers underestimated their weight, compared to children whose mothers accurately estimated
their weight (Table 2) (p < 0.01). The effect size was slightly reduced, but remained statistically
significant (β = 0.15; 95%CI: 0.01, 0.30) after minimal adjustments (Table 2, Model 1). After adjusting
further for demographic characteristics (Table 2, Model 2), the effect sizes decreased (β = −0.11;
95%CI: −0.28, 0.05) resulting in loss of significance. Child sex (β = 0.15; 95%CI: 0.09, 0.22), baseline SDS
BMI (β = −0.17; 95%CI: −0.23, −0.11), maternal BMI (β = 0.03; 95%CI: 0.02, 0.04), and paternal BMI
(β = 0.03; 95%CI: 0.02, 0.04) were all independently associated with weight development. Moreover,
compared to ethnically Dutch children, Turkish children and children of other ethnicities showed
increased weight development. Children of low and middle educated mothers also showed increased
weight development compared to children of highly educated mothers.
Offspring’s sex did not act as an effect modifier, the p-value for interaction was 0.426.
3.2.2. Children with Overweight
Univariate analyses in the children with overweight showed that weight development between
ages 5/6 and 11/12 was significantly higher (β = 0.22; 95%CI: 0.01, 0.44) in children whose mothers
underestimated their weight, compared to children whose mothers accurately estimated their weight
(Table 2) (p < 0.05). After minimal adjustments (Table 2, Model 1), the effect size decreased (β = 0.18;
95%CI: −0.04, 0.41), resulting in the loss of significance in the differences in maternal perception.
Further adjustments for demographics (Table 2, Model 2) again showed a decreased effect size (β = 0.06;
95%CI: −0.20, 0.31. Only baseline SDS BMI (β = −0.34; 95%CI: −0.56, −0.11) and maternal BMI
(β = 0.05; 95%CI: 0.03, 0.07) were independently associated with weight development in children
with overweight.
Offspring’s sex did not act as an effect modifier, the p-value for interaction was 0.638.
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Table 2. Univariate and Multivariate associations between ‘maternal perception of child’s weight’ and ‘child’s weight development’ (delta SDS BMI) between 5/6 and
11/12 for children with normal weight at age 5/6 (n = 1982) and overweight (n = 207).
Normal Weight Children

Maternal Perception
Accurate estimation
Underestimation

Univariate Analysis
β (95% CI)

Multivariate Analysis
Model 2 b
β (95% CI)

Reference
0.19 (0.05, 0.33) **

Reference
0.15 (0.01, 0.30) *

Reference
−0.11 (−0.28, 0.05)

Reference
0.13 (0.06, 0.19) ***

Reference
0.15 (0.09, 0.22) ***

−0.06 (−0.11, −0.003) *

−0.17 (−0.23, −0.11) ***

-

Child sex
% Girl
% Boy
Baseline SDS BMI

Children with Overweight

Multivariate Analysis
Model 1 a
β (95% CI)

-

Univariate Analysis
β (95% CI)

Multivariate Analysis
Model 1 a
β (95% CI)

Multivariate Analysis
Model 2 b
β (95% CI)

Reference
0.22 (0.01, 0.44) *

Reference
0.18 (−0.04, 0.41)

Reference
0.06 (−0.20, 0.31)

Reference
−0.16 (−0.35, 0.03)
−0.19 (−0.35, −0.02) *

−0.34 (−0.56, −0.12) **

Maternal BMI

-

-

0.03 (0.02, 0.04) ***

-

-

0.05 (0.03, 0.07) ***

Paternal BMI

-

-

0.03 (0.02, 0.04) ***

-

-

0.01 (−0.02, 0.04)

Maternal Age

-

-

−0.00 (−0.01, 0.005)

−0.01 (−0.03, 0.01)

Ethnicity
NL
SUR
TUR
MOR
OTH

-

-

-

-

-

-

Maternaleducation
level
Low
Middle
High

-

-

-

-

Reference
0.13 (−0.09, 0.35)
0.32 (0.11, 0.53) **
−0.16 (−0.34, 0.02)
0.14 (0.05, 0.23) **

-

-

Reference
0.11 (−0.32, 0.55)
0.13 (−0.22, 0.49)
0.04 (−0.29, 0.36)
0.16 (−0.1, 0.43)

0.23 (0.14, 0.32) ***
0.25 (0.12, 0.39) ***
Reference

-

-

0.13 (−0.16, 0.41)
0.22 (−0.07, 0.50)
Reference

Abbreviations: NL, Dutch; SUR, Surinamese; TUR, Turkish; MOR, Moroccan; OTH, Other; BMI, body mass index; SDS, standard deviations scores. * p ≤ 0.05, ** p ≤ 0.01, *** p ≤ 0.001.
a Model 1, adjusted for: child sex, baseline SDS BMI. b Model 2, adjusted for: child sex, baseline SDS BMI, maternal BMI, paternal BMI, maternal age, ethnicity, maternal education level.
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4. Discussion
This study explored the association between maternal perception of child’s weight and the child’s
weight development measured as ∆ SDS BMI between the age of 5/6 and 11/12. Analyses showed that
children with a normal weight whose mothers underestimated their weight at age 5/6 displayed a
higher weight development in the six years that followed. The same trend was seen for children with
overweight, although it was not statistically significant when adjusted for child sex and baseline SDS
BMI. Higher maternal or paternal BMI, being from Turkish or other non-Dutch ethnicity, and lower
maternal educational level were all independently associated with increased weight development in
children with normal weight. These demographic characteristics explained the difference in weight
development between children whose body weight was underestimated and accurately estimated.
4.1. Comparison with Other Studies
In comparison to findings from previous longitudinal studies, our study explains the association
of maternal perception of child’s weight and child’s weight development in children. Similar to our
results, a study in Germany reported that children with overweight whose weight was underestimated
in early development had a more pronounced weight gain in the future compared to children who
were considered to be just right [15]. In contrast, a Dutch study found that children with overweight
whose weight was underestimated had a greater SDS BMI loss compared to children whose overweight
was accurately estimated [11]. The weight of these mainly ethnically Dutch children was on average
normal at the time before and after parental perception of child’s weight was measured. This might
explain why parents were more likely to perceive their child as normal weight, and why these children
experienced more, rather than less, weight loss compared to children whose weight was accurately
perceived. Unfortunately, both studies did not investigate the longitudinal BMI change in children
with normal weight as a function of maternal perception.
Differences in findings between our study and other longitudinal studies might be further
explained by socio-cultural factors. We found an association between non-Dutch ethnicity and lower
maternal education, with maternal underestimation and higher weight development in children
with a normal weight. In accordance, ethnic and cultural differences have been found for body
image acceptance, accurate body weight perception, ideal body size perception, and weight loss
behavior [13,23–29]. Studies on the perception of body weight among adults showed that overweight
men/women from ethnic minorities were more likely to perceive their own weight as normal [26,30].
The greater acceptance of larger body size in some cultures may account for these differences [26,30].
Because of a higher prevalence of overweight in some ethnic groups, overweight is more common
in the familial and social environment [31]. Furthermore, in some cultures mothers do not associate
childhood obesity with health, in fact it is regarded as a sign of wealth and thinness may be more
strongly associated with poor health [28,29]. Moreover, maternal education level is an important
factor in the mother’s ability to accurately perceive her child’s weight [7,8,11–13,15,16]. Additionally,
cross-national differences may apply in the relationship between maternal underestimation of child’s
weight and child’s weight development. In contrast to developed countries such as the Netherlands and
Germany, in Peru, having a high SES and living in Lima increases the chance of developing overweight
and obesity as a child [32]. Carillo-Larco et al. included a study sample from resource-limited urban
areas as well as rural areas in Peru, which suggests that resources to allow weight gain were limited
too. This may explain why Carillo-Larco et al. found a greater loss in children’s BMI whose weight
was underestimated [8], while our Dutch study and Kroke et al. in Germany found an increasing BMI
z-score to be associated with underestimation [15].
4.2. Strengths and Limitations
This study had a long follow-up, included a large sample size and was comprised of participants
from a variety of socio-cultural backgrounds living in Amsterdam. Height and weight were measured

Int. J. Environ. Res. Public Health 2020, 17, 5197

9 of 11

according to a standardized protocol by trained personnel, and the longitudinal data increased
validity for studying a causal relationship. We were able to include multiple explanatory demographic
variables. Moreover, enough children with a normal weight participated in this study to also measure the
association between maternal perception and child’s weight development among them. For prevention
efforts, this is relevant because mothers that underestimate their children’s normal weight may
contribute to unhealthy weight gain. The association found in the univariate analyses among children
with and without overweight seems partly biased by differences in baseline body weight between the
children that were accurately perceived vs. underestimated. Overall, the underestimated group had
a lower baseline SDS BMI within the spectrum of normal and overweight, which may explain why
mothers were more likely to underestimate their child’s weight. This emphasizes the importance of
adjusting for baseline SDS BMI when studying this association. However, the study had limitations
that need consideration before drawing conclusions. Firstly, not all recruited mother–child pairs
participated in the study at age 5–6 years; thus, selection bias may have affected the observed associations.
Secondly, maternal and paternal BMI was self-reported in questionnaires; because participants tend to
overestimate their height and weight, this could result in an underestimation of BMI [33]. However,
as the present study used BMI as a continuous variable, this has little effect [33]. Thirdly, there was a
relatively small sample size of children with overweight and obesity, particularly accurately estimated
children with overweight, compared to children with normal weight. This might have influenced
the statistical power and explained the loss of significance of the association between maternal
perception and child development in children with overweight in the multivariate models. Fourthly,
our sample population had unequally divided ethnic groups, with the majority being ethnically Dutch.
Nonetheless, the groups were still large enough to show ethnic differences in weight development.
Finally, our study has limited generalisability since the sample population consisted of parents and
children from a multi-ethnic city of the Netherlands only. We recommend future studies to include
larger sample sizes with enough children in all weight groups and to compare other developing and
non-developing countries to further explore the role of socio-cultural differences.
4.3. Recommendations for Practice
The results indicate that a reduced number of healthcare check-ups after age two, might result in
unhealthy weight gain if parents remain unaware of their underestimation of their child’s weight.
Due to the increased expenses that come with more frequent check-ups for children, a more
practical recommendation may include tailored feedback by youth healthcare providers or extra
check-ups only in those with increased risk of obesity. More specifically, youth healthcare workers may
first ask what parents think of their child’s weight at age five, and according to their perceptions of their
child’s weight, give personalized advice regarding weight management. The tailored check-ups may
enable youth healthcare providers to help parents acquire realistic weight perceptions of their children,
which seems important for a long-term preventive approach to overweight and obesity. Our results
also suggest that the tailored feedback should be given in a socio-culturally sensitive way in order to
reach at-risk groups such as lower educated parents and parents with different ethnic backgrounds.
5. Conclusions
In conclusion, maternal underestimation of child’s weight is associated with increased weight
development in children with normal weight. A similar trend was seen among children with overweight.
Therefore, it seems recommendable that future overweight prevention interventions help parents to
acquire a realistic perception of their child’s weight status, including if the child’s weight is normal.
Since maternal educational level and ethnicity were important characteristics that were related to
maternal perception of child’s body weight and child’s weight development, special attention is needed
for socio-cultural differences in future research and practice in preventing childhood overweight.
Author Contributions: T.G.M.V. and M.A.H., conceptualized this paper and determined the research plan;
T.M.C.K.V. and D.B.v.S., contributed to the research plan; T.G.M.V., oversaw ABCD study data collection;

Int. J. Environ. Res. Public Health 2020, 17, 5197

10 of 11

T.M.C.K.V. and T.G.M.V., completed the statistical analyses; M.A.H. and D.B.V.S., contributed to the interpretation
of results; T.M.C.K.V., wrote the paper with input from all authors. All authors have read and agreed to the
published version of the manuscript.
Funding: This work was financially supported by a grant from the Netherlands Organization for Health Research
and Development (ZonMW, TOPgrant: 40-00812-98-11010) and a grant from Sarphati Amsterdam. M.A. Hartman
was financially supported by FNO.
Acknowledgments: The authors thank the participating mothers and their children, and all other persons and
institutions who contributed to the ABCD study: obstetric care providers, primary schools, students, and youth
healthcare centers in Amsterdam (the Netherlands).
Conflicts of Interest: The authors declare no conflict of interest.

References
1.

2.

3.
4.
5.
6.
7.
8.

9.
10.
11.

12.
13.
14.
15.

16.
17.

Abarca-Gómez, L.; Abdeen, Z.A.; Hamid, Z.A.; Abu-Rmeileh, N.M.; Acosta-Cazares, B.; Acuin, C.; Adams, R.J.;
Aekplakorn, W.; Afsana, K.; Aguilar-Salinas, C.A.; et al. Worldwide trends in body-mass index, underweight,
overweight, and obesity from 1975 to 2016: A pooled analysis of 2416 population-based measurement studies
in 128·9 million children, adolescents, and adults. Lancet 2017, 390, 2627–2642. [CrossRef]
de Wilde, J.A.; van Dommelen, P.; Middelkoop, B.J.; Verkerk, P.H. Trends in overweight and obesity prevalence
in Dutch, Turkish, Moroccan and Surinamese South Asian children in the Netherlands. Arch. Dis. Child. 2009,
94, 795–800. [CrossRef] [PubMed]
Efrat, M.; Tepper, S.; Birk, R.Z. From fat cell biology to public health preventive strategies-pinpointing the
critical period for obesity prevention. J. Pediatr. Endocrinol. Metab. 2013, 26, 197–209. [CrossRef]
Freedman, D.S.; Khan, L.K.; Serdula, M.K.; Ogden, C.L.; Dietz, W.H. Racial and ethnic differences in secular
trends for childhood BMI, weight, and height. Obesity 2006, 14, 301–308. [CrossRef] [PubMed]
Kopelman, P. Health risks associated with overweight and obesity. Obes. Rev. 2007, 8, 13–17. [CrossRef]
[PubMed]
Amsterdam.
Baby’s en Peuters.
Available online:
https://www.ggd.amsterdam.nl/jeugd/
jeugdgezondheidszorg/ (accessed on 3 April 2019).
Baughcum, A.E.; Chamberlin, L.A.; Deeks, C.M.; Powers, S.W.; Whitaker, R.C. Maternal Perceptions of
Overweight Preschool Children. Pediatrics 2000, 106, 1380–1386. [CrossRef] [PubMed]
Carrillo-Larco, R.M.; Bernabe-Ortiz, A.; Jaime Miranda, J.; Xue, H.; Wang, Y. Children’s weight changes
according to maternal perception of the child’s weight and health: A prospective cohort of Peruvian children.
PLoS ONE 2017, 12, e0175685. [CrossRef]
Chaparro, M.P.; Langellier, B.A.; Kim, L.P.; Whaley, S.E. Predictors of accurate maternal perception of their
preschool child’s weight status among Hispanic WIC participants. Obesity 2011, 19, 2026–2030. [CrossRef]
Etelson, D.; Brand, D.A.; Patrick, P.A.; Shirali, A. Childhood Obesity: Do Parents Recognize This Health
Risk? Obes. Res. 2003, 11, 1362–1368. [CrossRef]
Gerards, S.M.; Gubbels, J.S.; Dagnelie, P.C.; Kremers, S.P.J.; Stafleu, A.; de Vries, N.K.; Thijs, C. Parental
perception of child’s weight status and subsequent BMIz change: The KOALA birth cohort study.
BMC Public Health 2014, 14. [CrossRef]
Goodman, E.; Hinden, B.R.; Khandelwal, S. Accuracy of teen and parental reports of obesity and body mass
index. Pediatrics 2000, 106, 52–58. [CrossRef] [PubMed]
de Hoog, M.L.A.; Stronks, K.; van Eijsden, M.; Gemke, R.J.B.J.; Vrijkotte, T.G.M. Ethnic differences in maternal
underestimation of offspring’s weight: The ABCD study. Int. J. Obes. 2012, 36, 53–60. [CrossRef]
Jeffery, A.N.; Voss, L.D.; Metcalf, B.S.; Alba, S.; Wilkin, T.J. Parents’ awareness of overweight in themselves
and their children: Cross sectional study within a cohort (EarlyBird 21). BMJ 2005, 330, 23–24. [CrossRef]
Kroke, A.; Strathmann, S.; Günther, A.L.B. Maternal perceptions of her child’s body weight in infancy
and early childhood and their relation to body weight status at age 7. Eur. J. Pediatrics 2006, 165, 875–883.
[CrossRef]
Maynard, L.M.; Galuska, D.A.; Blanck, H.M.; Serdula, M.K. Maternal perceptions of weight status of children.
Pediatrics 2003, 111, 1226–1231. [PubMed]
van Eijsden, M.; Vrijkotte, T.G.; Gemke, R.J.; van der Wal, M.F. Cohort profile: The Amsterdam Born Children
and their Development (ABCD) study. Int. J. Epidemiol. 2011, 40, 1176–1186. [CrossRef] [PubMed]

Int. J. Environ. Res. Public Health 2020, 17, 5197

18.
19.
20.

21.

22.
23.
24.
25.

26.
27.

28.
29.
30.

31.

32.
33.

11 of 11

WHO. The WHO Child Growth Standards. 2016. Available online: https://www.who.int/childgrowth/
standards (accessed on 12 December 2018).
Cole, T.J.; Lobstein, T. Extended international (IOTF) body mass index cut-offs for thinness, overweight and
obesity. Pediatr. Obes. 2012, 7, 284–294. [CrossRef]
van den Berg, G.; van Eijsden, M.; Galindo-Garre, F.; Vrijkotte, T.G.; Gemke, R.J. Explaining socioeconomic
inequalities in childhood blood pressure and prehypertension: The ABCD study. Hypertension 2013, 61, 35–41.
[CrossRef]
Hof, M.H.; van Dijk, A.E.; van Eijsden, M.; Vrijkotte, T.G.; Zwinderman, A.H. Comparison of growth between
native and immigrant infants between 0–3 years from the Dutch ABCD cohort. Ann. Hum. Biol. 2011,
38, 544–555. [CrossRef]
Pedraza, D.F.; Sousa, C.; Olinda, R.A. Agreement between measured and perceived nutritional status
reported by preschool children’s mothers. Rev. Paul. Pediatr. 2017, 35, 289–295. [CrossRef]
Adams, K.; Sargent, R.G.; Thompson, S.H.; Richter, D.; Corwin, S.J.; Rogan, T.J. A study of body weight
concerns and weight control practices of 4th and 7th grade adolescents. Ethn. Health 2000, 5, 79–94. [CrossRef]
Dinsa, G.D.; Goryakin, Y.; Fumagalli, E.; Suhrcke, M. Obesity and socioeconomic status in developing
countries: A systematic review. Obes. Rev. 2012, 13, 1067–1079. [CrossRef] [PubMed]
Neff, L.J.; Sargent, R.G.; McKeown, R.E.; Jackson, K.L.; Valois, R.F. Black-white differences in body size
perceptions and weight management practices among adolescent females. J. Adolesc. Health 1997, 20, 459–465.
[CrossRef]
Paeratakul, S.; White, M.A.; Williamson, D.A.; Ryan, D.H.; Bray, G.A. Sex, Race/Ethnicity, Socioeconomic
Status, and BMI in Relation to Self-Perception of Overweight. Obes. Res. 2002, 10, 345–350. [CrossRef]
Rogers, R.; Eagle, T.F.; Sheetz, A.; Woodward, A.; Leibowitz, R.; Song, M.; Sylvester, R.; Corriveau, N.;
Kline-Rogers, E.; Jiang, Q.; et al. The Relationship between Childhood Obesity, Low Socioeconomic Status,
and Race/Ethnicity: Lessons from Massachusetts. Child. Obes. 2015, 11, 691–695. [CrossRef] [PubMed]
Baker, E.H.; Altman, C.E. Maternal ratings of child health and child obesity, variations by mother’s
race/ethnicity and nativity. Matern. Child. Health J. 2015, 19, 1000–1009. [CrossRef] [PubMed]
Kumanyika, S. Ethnicity and obesity development in children. Ann. N. Y. Acad. Sci. 1993, 699, 81–92.
[CrossRef]
Nicolaou, M.; Doak, C.; Dam, R.; Hosper, K.; Seidell, J.; Stronks, K. Body size preference and body weight
perception among two migrant groups of non-Western origin. Public Health Nutr. 2008, 11, 1332–1341.
[CrossRef]
Johnson-Taylor, W.L.; Fisher, R.A.; Hubbard, V.S.; Starke-Reed, P.; Eggers, P.S. The change in weight perception
of weight status among the overweight: Comparison of NHANES III (1988–1994) and 1999–2004 NHANES.
Int. J. Behav. Nutr. Phys. Act. 2008, 5, 1–9. [CrossRef]
Preston, E.C.; Ariana, P.; Penny, M.E.; Frost, M.; Plugge, E. Prevalence of childhood overweight and obesity
and associated factors in Peru. Rev. Panam. Salud Publica 2015, 38, 472–478.
Stewart, A.W.; Jackson, R.T.; Ford, M.A.; Beaglehole, R. Underestimation of relative weight by use of
self-reported height and weight. Am. J. Epidemiol. 1987, 125, 122–126. [CrossRef] [PubMed]
© 2020 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
article distributed under the terms and conditions of the Creative Commons Attribution
(CC BY) license (http://creativecommons.org/licenses/by/4.0/).

